A novel, clean, mild and eco-friendly benign route to pyrano [4,3-b]chromenes through cyclocondensation reaction of β-naphthol, aldehydes and 4-hydroxycoumarin, using POImD as a novel and reusable organometallic catalyst, is described. The present methodology offers several advantages such as simple work-up procedure, short reaction time, high yields of product with better purity and green aspect by avoiding toxic catalyst and hazardous solvent. All of synthesized compounds were characterized by IR, NMR and elemental analyses.
INTRODUCTION
Chromenes and their derivatives have attracted considerable interest because of wide range of biological properties 1, 2 . A number of this class of compounds can act as anti-alzheimer 3 , anti-tumor 4 , anti-bacterial 5, 6 , anticancer 7 , anti-coagulant 7 , diuretic 8 , anti-malaria 9 , and spasmolytic agents 10 . Based on the importance of these compounds, a number of research groups have developed methodologies to synthesize these compounds. The approaches used include intramolecular cyclization of Wittig intermediates 11 , Baylis-Hillman reaction of salicylaldehydes with methyl vinyl ketones 12 , aldol condensation of N-(Un)substituted quinolone-3-carbaldehydes and (Un)substituted benzofuran-3(2H)-ones 13 , electrocyclic ring closure of vinylquinones 14 , reductive desulfurization via Prins cyclization 15 , ring-closing olefin metathesis 16 , catalytic Petasis reaction of salicylaldehydes 17 , Pdcatalyzed ring closure of 2-isoprenyl phenols 18 , microwave-assisted reaction of 2-hydroxybenzaldehyde with enamines 19 , Claisen rearrangement of propargyl phenol ethers 20 , and the ylide annulation reaction 21 . However, most of these reported methods suffer from environmental pollution, exotic reaction conditions, tedious preparation procedure, long reaction time, expensive reagents or catalysts, unsatisfactory yields and complicated operations. In order to make this reaction simple and green, herein, we used POImD to synthesis of pyrano [4,3-b] chromenes by the threecomponent reaction of β-naphthol, hydroxycoumarin and various arylaldehydes at room temperature in aqua media.
Water has a unique media in chemistry and is one of the best solvents, owing to its features such as being eco-friendly, clean, green, nontoxic, nonflammable, safe, low-cost and readily available in organic transformations. Also, the use of aqua media not only diminishes the risk entailed in the use of organic solvents but also improves the rate of many chemical reactions [22] [23] [24] .
EXPERIMENTAL

Materials and measurements
Chemicals were purchased from Merck and Fluka. All solvents used were dried and distilled according to standard procedures. Thin Layer Chromatography (TLC) was done with TLC Silica gel 60; Aluminum sheet from Merck. Melting points were measured on an Electrothermal 9100 apparatus. IR spectra were determined on a Shimadzu FT-IR 8600 spectrophotometer. 1 H and 13 C NMR spectra were determined on a Bruker 400 DRX Avance instrument at 500 and 125 MHz. Elemental analyses were done on a CarloErba EA1110CNNO-S analyzer and agreed with the calculated values.
General procedure for the synthesis of potassium 2-oxoimidazolidine-1,3-diide (POImD)
A mixture of imidazolidin-2-one (20 mmol), KOH (20 mmol) and H 2 O (10 mL) was stirred overnight. Following the completion of the reaction, as indicated by TLC, potassium 2-oxoimidazolidine-1,3-diide (POImD) was separated from the reaction mixture by filtration. POImD was purified by recrystallization from EtOH to afford pure products.
General 
RESULTS AND DISCUSSION
In continuation of our ongoing studies to synthesize heterocyclic and pharmaceutical compounds by mild and practical protocols [25] [26] [27] [28] , herein we wish to report our experimental results on the synthesis of pyrano [4,3-b] chromenes, using various aromatic aldehydes, 2-naphthol and 4-hydroxycoumarin in the presence of POImD in aqueous media at room temperature (Scheme 1).
The reaction between 4-nitrobenzaldehyde, 2-naphthol and 4-hydroxycoumarin in the presence of different catalysts was carried out as a model. All the reactions were carried out with catalytic amounts of catalysts. As described in Table 1 , the higher yield, shorter reaction time and milder reaction condition gained with 0.01mmol of POImD (Table 1 ; Entry 13).
Scheme 1. Synthesis of pyrano[4,3-b]chromenes using POImD
As shown in Table 1 On the other hand, as shown in Table 1 , the previously reported synthesis of pyranochromene was carried out in high temperature [29] [30] [31] [32] , but in this current method we synthesize these collections of compounds at room temperature in mild conditions.
Apart from the mild conditions of the process and its excellent results, the simplicity of product isolation and the possibility to recycle the catalyst offer a significant advantage. A Comparison of efficiency of this method with some of previous reported methods for the synthesis of 4a was carried out (Table 1 ; Entries 9-12). To investigate the efficiency and generality of the reaction, various benzaldehydes were combined with 2-naphthol and 4-hydroxycoumarin in the presence of POImD in aqueous media at room temperature. The results are summarized in Table 2 . We propose a possible mechanism for synthesis of pyrano[4,3-b] chromene derivatives (Scheme 2). In a plausible mechanism, potassium 2-oxoimidazolidine-1,3-diide (POImD) (5) converted 4-hydroxycoumarin (3) to active form 8 by hydrogen abstraction. Then, the nucleophilic attack of C-3 anion 8 via resonance, electron density at the C-1 position transferred to the C-3 of intermediate 7 to arylaldehyde (1) lead to compound 9. Finally, after nucleophilic addition of 2-naphtholate 7 following by dehydration, compound 9 was conformed to product 4. It is mentionable that under this procedure catalyst POImD reversibly converts from 5 to 6. Scheme 2. Possible mechanism for synthesis of pyrano [4,3-b] chromenes After completion of reaction, the catalyst is easily separated from the reaction medium by evaporation of aqueous media. The washed catalyst is dried under vacuum to recover for reuse in subsequent reactions. After five successive runs, recycled POImD showed no loss of efficiency with regard to reaction time and yield (Table 3) . 
CONCLUSIONS
Finally, we developed an efficient, novel, green, fast and convenient procedure for the three component synthesis of pyrano [4,3-b] chromenes through cyclocondensation reaction of β-naphthol, aldehydes and 4-hydroxycoumarin, using POImD as a novel and reusable organometallic catalyst. The remarkable advantages offered by this method are that catalyst is inexpensive, non-toxic, easy to handle and reusable. Simple work-up procedure, short reaction time, high yields of product with better purity and green aspect by avoiding toxic catalyst and hazardous solvent. To the best of our knowledge, this is the first report on synthesis of pyrano [4,3-b] chromenes derivatives using potassium 2-oxoimidazolidine-1,3-diide (POImD).
